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F ALL CORN PESTS in the South one of the most 
serious is the larva, or young, of the 12-spotted 
cucumber beetle—the so-called southern corn root- 
worm. True to its name, it feeds on the roots, but in 
young corn it also drills a small hole in the stem just 
above the first circle of roots, boring out the crown 
and killing the bud. Attacked plants either die out- 
right or are so badly stunted as to be unproductive. 
Lowland corn suffers the most and injury is greatest 
during cool, damp seasons. The adult, or beetle, is 
also exceedingly destructive; not, however, to corn, 
but to cucumber, squash, and a great variety of other 
truck crops and ornamental plants. 


Progressive farming methods, as described in this 
bulletin, will reduce the ravages of this insect. Burn 
over waste places to destroy dead grass, weeds, and 
rubbish in which the beetles winter. If possible, 
avoid planting corn in fields which contained corn 
the year before. Enrich the soil by planting legumes 
so that the corn will have a better chance of recover- 
ing from rootworm injury. Protect the bobwhite. 
This bird destroys many beetles of the rootworm. 
By careful observations, extending over a period of 
years, find out the dates between which the rootworm 
does the most damage; then time your planting so 
that it will fall either before or after these dates, 
taking into consideration, of course, other important 
factors in crop production. 
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ECONOMIC IMPORTANCE AND COMMON NAMES. 


ORN GROWERS in the Southern States suffer damage from the 
southern corn rootworm (fig. 1) practically every year. _ In fact, 

as a serious corn pest in the South the rootworm has few competitors. 
During some seasons it is quite : 
adifficult matterto getastand = pee TPT Pie eee > 
of corn in the lowlands on ac- Sag) BUA) Fl ms a 
count of these worms. Dur- Q 
ing years of heavy infestation Fig. 1.—Southern corn rootworm: Larva or worm, 
it is necessary to replant corn ae view. About four and one-half times natural 
as many as three times and 
even then only a poor stand is obtained. The loss that may be attrib- 
uted to the ravages of the pest is probably even greater and more far- 
reaching thanis commonly supposed. Very often weather conditions 
are blamed for the yellowish and sickly appearance of corn and the 
resulting poor yield of the crop, when in reality the true cause is 
southern corn rootworm injury. 

Although this rootworm sometimes damages the corn crop in the 
more northerly sections of the Middle West, it is not there consid- 
ered a serious corn pest. A closely allied insect, the western corn 
rootworm,” takes its place as an enemy of corn in these regions. 


1 Diabrotica duodecimpunctata Olivier; order Coleoptera, family Chrysomelidae. 
2 Diabrotica longicornis Say. 
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The southern corn rootworm is more commonly known as the 
“‘budworm’’; in fact, few farmers know it under the former name. 
It is sometimes termed ‘‘drillworm.”’ These names are more or less 
descriptive of the injury done to the plant by the worms. The 
adult, or parent, is known as the 12-spotted cucumber beetle, from 
the fact that it has 12 black spots on its back and is often a serious 
enemy to cucumbers and allied plants. 


GEOGRAPHICAL RANGE OF THIS AND RELATED ROOTWORMS. 


The southern corn rootworm has a very wide distribution. It is 
found throughout the greater part of the United States from Maine 
to Florida, and from the Atlantic coast to the Rocky Mountains. 
It occurs also in Mexico and Canada. It is not recognized, however, 
as a serious pest of Indian corn north of Maryland and the south- 

ern parts of Ohio, 

Indiana, and _ IIli- 

nois, south of Geor- 

gia, or west of the 

Mississippi _ River, 

with the exception 

of parts of south- 

eastern Texas and 

southern Louisiana. 
(Fig. 2.) 

The western corn 

rootworm’ occurs 

Fic. 2.—Map showing, by shaded area, region where corn is most seri- from Maine to. the 

ously injured by the southern corn rootworm. Gulf of Mexico and 
westward to Minnesota, South Dakota, and New Mexico. 

In the States bordering the Pacific occurs a closely allied species.’ 
This western rootworm is often injurious to various cultivated crops. 
In southern Texas there is still another species, the belted cucumber 
beetle,’ which sometimes does practically as much damage to corn 
in that region as the southern corn rootworm. 


WHEN SERIOUS INFESTATIONS MAY BE EXPECTED. 


Serious infestations of the rootworm may be expected during 
seasons of abundant rainfall and cool weather, conditions conducive 
to the development of this insect. Corn in lowlands is more seriously 
affected than that in uplands, as this insect prefers to breed in moist 
soil. Thus it is only during years of heavy infestation that corn in 
uplands is subject to serious damage. 


1 Diabrotica longicornis Bay. 2 Diabrotica soror LeConte. * Diabrotica balteata LeConte. 





THE SOUTHERN CORN ROOTWORM. 


INJURY TO CORN BY THE ROOTWORM. 


The worm or larva stage (fig. 1) of this insect is the one most 
injurious to corn. As the name “corn rootworm’’ would indicate, 
ic feeds on the roots of corn, but it does not confine its injuries to the 
roots; indeed, the greatest damage to young corn is that done by 
the worms in drilling a small hole into the stem directly above the 
first circle of roots (see title-page illustration) and feeding on the 


Fig. 3.—Corn plant showing injury by southern corn rootworm tv 
growing point or “‘bud.”’ 


interior, boring out the crown and killing the bud. Plants affected in 
this way break off at the injured point when an attempt is made to pull 
them. In older corn the worms injure the roots almost exclusively. 


HOW INJURY TO CORN BY THE ROOTWORM CAN BE RECOGNIZED. ° 


When young corn has been damaged by this insect the fact can 
be easily detected. The bud leaves of injured plants, having been 
cut off from the main plant, dry up and die (fig. 3), while the rest 





6 FARMERS’ BULLETIN 950. 


of the plant retains its original color for a time. Subsequently the 
whole plant dies if injured badly. It is on account of this peculiar 
manner of injury that the insect is often called the ‘“ budworm.”’ 

Larger plants when attacked present a sickly yellowish and dwarfed 
appearance, due to the fact that the worms are feeding on the roots. 
Very often such plants exhibit a number of suckers, and they pro- 
duce little or no grain. 

DEVELOPMENT. 


The southern corn rootworm has four distinct stages through 
which it passes in development. The first is the egg, the second the 
worm or larva, the third the pupa or transformation stage, and the 
fourth the adult, parent, or beetle. 

EGG STAGE. 

The egg (fig. 4) is oval and about the size of a large pinhead. It is 
dull yellow when freshly laid, but later turns a deeper yellow. Its 
surface is covered with extremely small, shallow pits which in out- 

line resemble a six-sided figure. Eggs are de- 


posited by the female beetle in contact with or: 


near the corn plants, slightly below the surface of 
_ the ground. Their number varies greatly. Over 
400 may be laid by one individual and as many as 


100 in one day. Eggs usually are deposited in 
early evening. They hatch in from 6 to 8 

enlarged. days, the length of the egg period depending 
upon temperature conditions. Upon hatching, the worms attack 
the stems and roots. 


Fic. 4.—Southern corn 
rootworm: Egg greatly 


WORM OR LARVA STAGE AND LARVAL FOOD PLANTS. 


The worm (fig. 1), or larva, is slender and yellowish-white, with a 
dark-brown head and a dark patch on the top of the last body seg- 
ment. It tapers toward the head end, the last few segments of the 
body being much wider than the head, which makes them appear as 
if swollen. It is quite active, even when young, and it is only with 
great difficulty that it can be captured when crawling about in the 
soil. When just hatched from the egg it is so small that it is barely 
perceptible to the unaided eye, but when full grown it can be seen 
readily, as it is then about one-half inch in length. 

Upon examining infested or injured corn the worms may be found 
in their tunnels or among the roots. . Sometimes, however, they are 
found some little distance away from the injured plants, probably 
migrating to other corn plants in the same row. 

In addition to corn the larve of this species are known to feed and 
live on the roots of Johnson grass, Southern chess,' wheat, millet, rye, 
young oats, and alfalfa. 


1 Bromus unioloides. 
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PUPA OR TRANSFORMATION STAGE. 


After the worm is full grown it enters the ground to a depth vary- 
ing from a few inches to a half foot or more, the actual depth depend - 
ing upon the texture of thesoil. It then makes a cell 
somewhat oval in outline and smooths it very evenly 
on the inside. Presently it begins to shorten, and 
after an interval of a few days it sheds its skin and 
passes into the pupa or transformation stage. 

A clear conception of what the pupa is like can be 
formed by examining figure 5. In this stage the 
insect can not move from place to place and is not 
destructive. It never leaves its cell. The only part 
capable of movement is the tip of the abdomen, which 
is moved about violently when the pupa is disturbed. 

The pupa is soft, yellowish, and about one-fourth of 
an inchin length. It is alittle longer than the width 
of its broadest part and has two very conspicuous 4, 5 southern corn 
spines at the tip of the abdomen. rootworm: Pupa or 

The pupa stage lasts about 10 days and then caataiatmediaddine 
the 12-spotted beetle, or parent, comes forth and 
works its way through the soil to the surface of the ground. 


PARENT OR BEETLE STAGE AND FOOD HABITS OF THE BEETLE. 


The parent or beetle (fig. 6) is about 
one-fourth inch in length, yellowish- 
green, with a black head and legs and, 
as previously stated, with 12 black 
spots on the back. These spots are 
irregular in outline and generally 

§ somewhat separated. 

'+ The beetle is very active during 
warm weather and can be captured 
only with difficulty. When feeding, if 
danger threatens, it falls to the ground 
and crawls away under rubbish or 
hides under the foliage of smaller 
plants. During cool weather it be- 
comes less active, and when the tem- 
perature is near freezing it scarcely 
moves, even when disturbed. 

In the beetle stage the insect is quite 

al | destructive—not, however, to corn 
beetle.’ About eight times natural size. but to certain truck crops such as 
squashes, cucumbers, etc., and on ac- 

count of the fact that it is such a serious enemy of these plants the 
beetle is known as the 12-spotted cucumber beetle. The injury to 
these plants consists of numerous small holes in the leaves, and if the 
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plants aré small and have only a few leaves a great deal of harm is 
done unlé&s preventive measures have been taken. 

In relation to corn the beetle stage is important as being the egg- 
laying period of the insect, for the female, after having mated, 
places her eggs in the soil near the corn plants. 


HOW THE INSECT PASSES THE WINTER. 


The southern corn rootworm passes the winter in the beetle stage, 
except possibly in southern Florida and Texas. In northerly regions 
the beetles go into hibernation late in the fall; that is, they crawl 
under rubbish and to other places that afford them protection from 
the cold and remain in an inactive condition during the winter. 
With the return of warm weather they again become active. In the 
more southern States, where temperatures are mild, they do not 
become torpid in the winter, but during cool days and nights hide 
under rubbish, among dead grasses, or under low-leaved plants and 
resume activity when the weather again becomes warm. There are 
some native plants which remain green throughout the winter in the 
South and beetles have been found feeding on them, as well as on rye, 
oats, and other field crops, during warm days in midwinter. 


NUMBER OF GENERATIONS ANNUALLY. 


The exact number of generations of this species as yet has not been 
determined definitely for any one locality. There appear, however, 
to be at least two generations in the North and three in the South. 
As a pest of corn in the South the first two generations only need be 
considered, and as a rule most of the damage is done by the first 
generation of the year. 

NATURAL ENEMIES. 


NATIVE BIRDS. 


A number of our native birds prey upon the adults, or beetles, of the 
southern corn rootworm. Some of the common ones are the bob- 
white, red-headed woodpecker, nighthawk, cardinal, kingbird, and 
phebe. Of these birds the bobwhite deserves special mention. As 
many as 12 of the beetles have been found in the stomach of one 
bobwhite. 


INSECTS. 


The southern corn rootworm has only a few insect enemies, the 
chief one being a two-winged fly' (fig. 7) which attacks it in the 
beetlestage. This fly places a maggot, or larva, in the abdomen of 
the beetle, and the maggot feeds on the vital organs of the host and 
finally kills it. After the death of the beetle the parasite larva, 
being full grown, enters the ground and forms a tough, leathery case 








1 Celatoria dinhroticae Shimer. 
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in which it passes into the next or pupa stage. This case, termed 
puparium, is dark and covered with needlelike spines. From the 
puparium there emerges in due time the adult, or fly, which starts 
the cycle again. This parasite is not very common and thus far has 
not played a very great réle in the destruction of the pest. 


PREVENTIVE AND OTHER CONTROL MEASURES. 


Although no one method has been discovered which, when applied, 
will eradicate this pest, yet if the following measures are diligently 
carried out the rav- 
ages of this insect can 
be reduced markedly. 

BURNING OVER WASTE 
PLACES. 

Large numbers of 
the beetles are de- 
stroyed by burning 
over wasteplaces,such 
as the borders and 
terraces of fields. This 
should be done in the 
winter-time and on 
cool days. Beetles at 

. Fic. 7.—A fly enemy of the southern corn rootworm. At the right 
that time and on such is shown the piercer by means of which the fly deposits a maggot 
days congrega te within the adult or beetle of the rootworm. Fly about eight 

times natural size. 
among dead grasses, 
seeking protection from cold. . The value of this measure is realized 
when one considers that the killing of one female in winter is as 
important as the destruction of from 400 to 500 worms in the spring. 


CROP ROTATION. 


Judicious crop rotation should be carried on wherever possible. 
It is not well to follow corn with corn. There are several crops that 
are not injured by these worms, the foremost of them being cotton. 
Some of the smaller grains are only slightly injured and can, therefore, 
be used to good advantage in the rotation. 


THICK PLANTING. 


It is a common practice among some of the planters in the south- 
eastern States who are acquainted with rootworm injury to plant 
corn thicker in the lowlands than in the uplands. Double the number 
of grains are dropped in low ground. This offers twice the chance of 
securing a stand and is to be recommended especially for fields which 
consist partly of low ground. The upland in such cases may be 
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planted in the regular way. In fields of large area this measure loses 
its value, for if planted thickly some thinning may be necessary and 
this may mean a loss of labor, time, and money. 


ENRICHING THE SOIL. 


It is to be remembered that soil rich in plant food will produce 
plants that are more hardy, healthy, and capable of resisting insect 
attack than soil which is not so supplied. Plants injured by the 
‘‘budworms” sometimes recover and the chances are that a larger 
percentage will do so in rich than in poor soil. Legumes should 
rank high in the rotation. They will add to the soil the much de- 
sired humus as well as store in the soil the valuable nitrogen extracted 
by these plants from the air. 

It has been found that lowlands supplied abundantly with animal 
fertilizers are more seriously affected by these worms than those 
not so treated. It is well to make use of commercial fertilizers in 
such cases. This does not, as believed by scme, repel the insects, 
but affords a less favorable breeding place for the pest. 


, 


TIMELY PLANTING. 


The time at which the corn is planted affects, to a certain extent, its 
likelihood of escaping rootworm injury. There seems to be a period 
during which the worms are very active and do much damage. This 
period varies considerably with the latitude, being somewhat earlier 
in the extreme South than in more northerly regions. It has been 
found that corn planted during the latter part of March and after 
May 10 is less damaged than is that planted during April and the first 
week in May. There were exceptions, as some corn planted in late 
March and after May 10 suffered badly, but the largest acreage of 
injured corn was planted between the dates given. 

In each locality, also, these periods naturally will vary somewhat 
from year to year depending upon the seasonal weather conditions. 
Every farmer, however, by careful observation extending over a 
period of years may discover when planting should take place so as 
to minimize the ravages of this pest, taking into account, of course, 
other important factors in crop production. 

Investigations are now being conducted, in cooperation with the 
State entomologists of North Carolina and Florida, with a view to 
the determination of the importance of the time of planting as a 
factor in ‘‘budworm”’ control. 
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F ALL CORN PESTS in the South one of the most 
serious is the larva, or young, of the 12-spotted 
cucumber beetle—the so-called southern corn root- 
worm. True to its name, it feeds on the roots, but in 
young corn it also drills a small hole in the stem just 
above the first circle of roots, boring out the crown 
and killing the bud. Attacked plants either die out- 
right or are so badly stunted as to be unproductive. 
Lowland corn suffers the most and injury is greatest 
during cool, damp seasons. The adult, or beetle, is 
also exceedingly destructive; not, however, to corn, 
but to cucumber, squash, and a great variety of other 
truck crops and ornamental plants. 


Progressive farming methods, as described in this 


bulletin, will reduce the ravages of this insect. Burn 
over waste places to destroy dead grass, weeds, and 
rubbish in which the beetles winter. If possible, 
avoid planting corn in fields which contained corn 
the year before. Enrich the soil by planting legumes 
so that the corn will have a better chance of recover- 
ing from rootworm injury. Protect the bobwhite. 
This bird destroys many beetles of the rootworm. 
Plant corn late enough to avoid serious injury 
from rootworms, as recommended on page 10 of 
this bulletin. 


Contribution from the Bureau of Entomology 
L. O. HOWARD, Chief 
Washington, D.C. Issued May, 1918; revised May, 1922 
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ECONOMIC IMPORTANCE AND COMMON NAMES. 


ORN GROWERS in the Southern States suffer damage from the 
southern corn rootworm (fig. 1) practically every year. In fact, 
as a serious corn pest inthe South the rootworm has few competitors. 
During some seasons it is quite a difficult matter to get a stand of 
corn in the lowlands on account of these worms. During years of 
heavy infestation it is neces- 
sary to replant corn as many 
as three times, and even then 
only a poor stand is obtained. 
The loss that may be attrib- ric. 1.—Southern corn rootworm: Larva or 
uted to the ravages of the pest worm, side view. About 43 times natural 
size, 
is probably even greater and 
more far-reaching than is commonly supposed. Very often weather 
conditions are blamed for the yellowish and sickly appearance of 
corn and the resulting poor yield of the crop when the true cause is 
southern corn rootworm injury. 
Although this rootworm sometimes damages the corn crop in the 
more northérly sections of the Middle West, it is not there consid- 


1 Diabrotica duodecimpunctata Fab.; order Coleoptera, family Chrysomelidae. 
1 
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ered a serious corn pest. A closely allied insect, the western corn 
rootworm,’ takes its place as an enemy of corn in these regions. 

The southern corn rootworm is more commonly known as the 
“budworm”; in fact, few farmers know it under the former name. 
It is sometimes termed “drillworm.” These names are more or less 
descriptive of the injury done to the plant by the worms. The adult, 
or parent, is known as the 12-spotted cucumber beetle, from the fact 
that it has 12 black spots on its back and is often a serious enemy to 
cucumbers and allied plants. 


GEOGRAPHICAL RANGE OF THIS AND RELATED ROOT- 
WORMS. 


The southern corn rootworm has a very wide distribution. It is 
found throughout the greater part of the United States from Maine 
to Florida, and from 

the Atlantic coast to 

the Rocky Moun- 

tains. It occurs also 

in Mexico and Can- 

ada. It is not recog- 

nized, however, as a 

serious enemy of In- 

dian corn north of 

Maryland and the 

southern parts of 


Ohio, Indiana, and 


Fie. 2.—Map showing, by shaded area, region where corn is : : 
most seriously injured by the southern corn rootworm. I ] 1 waalnsi, south of 
Georgia, or west of 


the Mississippi River, with the exception of parts of southeastern 
‘Texas and southern Louisiana. (Fig. 2.) 

The western corn rootworm®* occurs from Maine to the Gulf of 
Mexico and westward to Minnesota, South Dakota, and New Mexico. 

In-the States bordering the Pacific occurs a closely allied species.‘ 
This western rootworm is often injurious to various cultivated crops. 
In southern Texas there is still another species, the belted cucumber 
beetle,® which sometimes does practically as much damage to corn 
in that region as the southern corn rootworm. 


WHEN SERIOUS INFESTATIONS MAY BE EXPECTED. 


Serious infestations of the rootworm may be expected during 
seasons of abundant rainfall and cool weather, conditions conducive 
to the development of this insect. Corn in lowlands is more seriously 


* Diabrotica longicornis Say. 
* Diabrotica longicornis Say. 
* Diabrotica soror LeConte. 

5 Diabrotica balteata LeConte. 
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affected than that in uplands, as this insect prefers to breed in moist 
soil. Thus it is only during years of heavy infestation that corn in 
uplands is subject to serious damage. 


INJURY TO CORN BY THE ROOTWORM. 


The worm or larva stage (fig. 1) of this insect is the one most 
injurious to corn, As the name “corn rootworm” would indicate, 
it feeds on the roots of corn, but it does not confine its injuries to 
the roots; indeed, the greatest damage to young corn is that done by 
the worms in drill- 
ing a small hole into 
the stem directly 
above the first circle 
of roots (see title- 
page illustration) 
and feeding on the 
interior, boring out 
the crown and kill- 
ing the bud. Plants 
affected in this way 
break off at the in- 
jured point when an 
attempt is made to 
pull them. In older 
corn the worms in- 
jure the roots al- 
most exclusively. 


HOW INJURY TO 
CORN BY THE 
ROOTWORM 
CAN BE REC- 
OGNIZED. 


When young corn 
has been damaged 
by this insect the 
fact can be easily 
detected. The bud 
leaves of injured 
plants, having been 
cut off from the main plant, dry up and die (fig. 3), while the rest 
of the plant retains its original color for a time. Subsequently the 
whole plant dies if injured badly. Badly injured plants occasionally 
give rise to suckers which may produce ears, but these are usually 
of a poor quality. It is on.account of the peculiar injury to the bud 
that the insect is often called the “budworm.” 

89783°—22——-2 


Fig, 3.—Corn plant showing injury by southern corn root- 
worm to growing point or “bud.” 
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Older plants, when attacked, present a sickly, yellowish, and 
dwarfed appearance due to the fact that the worms are feeding on 
the roots. Very often such plants also exhibit a number of suckers 
which are either sterile or may produce grain of an inferior quality. 


DEVELOPMENT. 


The southern corn rootworm has four distinct stages through 
which it passes in development. The first is the egg, the second the 
worm or larva, the third the pupa or resting stage, and the fourth 
the adult, parent, or beetle. 


EGG STAGE. 


The egg (fig. 4) is oval and about the size of a large pinhead. It is 
dull yellow when freshly laid, but later turns a deeper yellow. Its 
surface is covered with extremely small, shallow pits which in out- 

line resemble a six-sided figure. Eggs are de- 

posited by the female beetle in contact’ with or 

near the corn plants, slightly below the surface of 

the ground. Their number varies greatly. More 

than 500 may be laid by one individual and as 

many as 100 in one day. Eggs usually are de- 
Fic. 4.—Southern ° ‘ ° ° 

corn rootworm: posited early in the evening. Sometimes, however, 

ee en- the female may deposit eggs in the daytime, even 

at midday. The eggs hatch in about three weeks 
in very early spring, and in from six to eight days in midsummer. 
The length of the egg period depends upon the prevailing tempera- 
ture conditions. 


WORM OR LARVA STAGE AND LARVAL FOOD PLANTS. 


The worm or larva (fig. 1) when hatched from the egg is slender 
and yellowish white with a dark-brown head and a dark patch on 
the top of the last body segment. It is active at this stage of growth 
and so small that it is scarcely perceptible to the unaided eye. The 
full-grown larva usually is deep yellow. The head and patch on 
the last body segment are somewhat darker than in the newly hatched 
larva. The mature larva tapers toward the head end, the last few 
segments of the body being much wider than the head, which makes 
them appear as if swollen. The worm stage lasts from three to four 
weeks. Occasionally, however, the insect may live in this stage from 
five to six weeks. In the process of development the larva sheds its 
outer coat twice. This shedding of the skin is known as molting, 
and is necessaray to enable the larva to increase in size. 

Upon examining infested corn one may find the worms in their 
tunnels or among the roots, though sometimes they are found some 
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distance away from the injured plants, probably migrating to other 
corn plants in the same row. Usually only one larva is found at one 
plant. Sometimes two may be found, but this is the exception. 

In addition to corn, the larve of this species are known to feed 
and live on the roots of Johnson grass, Southern chess,* wheat, 
millet, rye, young oats, and alfalfa. 


PUPA OR RESTING STAGE. 


After the worm is full-grown it enters the ground to a depth vary- 
ing from a few inches to a half foot or more, depending upon the 
texture of the soil. It then makes a cell somewhat oval in outline and 
smooths it very evenly on the inside. Presently it begins to shorten, 
and after a few days it sheds its skin and passes into the pupa or 
resting stage. 

What the pupa is like is shown by figure 5. In this stagé the 
insect can not move from place to place and is not 
destructive. It never leaves its cell. The only part 
capable of movement is the tip of the abdomen, 
which is moved about violently when the pupa is 
disturbed. The pupa is soft, yellowish, and about 
one-fourth of an inch long. It is a little longer 
than the width of its broadest part and has two 


very conspicuous spines at the tip of the abdomen. 

The pupa stage lasts from 6 to 8 days in summer, 
and from 10 to 13 days in spring and fall. At the 
end of this period the 12-spotted beetle or adult 
comes forth and works its way through the soil to 
the surface of the ground. 


Fic. 5. — Southern 
ADULT OR BEETLE STAGE AND FOOD HABITS OF corn rootworm: 


THE BEETLE. Pupa or resting 
stage. About 


The adult or beetle (fig. 6) is about one-fourth C8}t times nat 
inch long, yellowish-green, with a black head and 
legs and, as previously stated, with 12 black spots on the back. These 
spots are irregular in outline and generally somewhat separated. 

The beetle is very active during warm weather and can be cap- 
tured only with difficulty. When feeding, if danger threatens, it 
falls to the ground and crawls away under rubbish or hides under 
the foliage of smaller plants. During cool weather it becomes less 
active, and when the temperature is near freezing it scarcely moves, 
even when disturbed. 


° Bromus unioloides, 
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In this stage the insect often does considerable damage to young 
corn by cutting off the bud leaves, although such plants usually re- 
cover. The adult or beetle is more injurious to certain truck crops 
than to corn, especially squashes, cucumbers, etc., and on this account 
is known as the 12-spotted cucumber beetle. Injury to these plants 
consists of numerous small holes in the leaves, and if plants are small 
and have only a few leaves much harm is done. 

In relation to corn the beetle stage is important as being the egg- 
laying period of the insect, for the female, after having mated, 

places her eggs in the soil near the 
corn plants. 


HOW THE INSECT PASSES 
THE WINTER. 


The southern corn rootworm passes 
the winter in the beetle stage, except 
possibly in southern Florida and 
Texas. In northerly regions the bee- 
tles go into hibernation late in the 
fall; that is, they crawl under rubbish 
and to other places that afford them 
protection from the cold and remain 
in an inactive condition during the 
winter. With the return of warm 
weather they again become active. In 
the more southern States, where tem- 
peratures are mild, they do not hiber- 

Fic. 6.—Southern corn rootworm: nate in the winter, but during cool 
Adult or beetle. Abouteighttimes days and nights hide under rubbish, 
natural size, 

among dead grasses, or under low- 
leaved plants, and resume activity when the weather again becomes 
warm. There are some native plants which remain green through- 
out the winter in the South, and beetles have been found feeding on 
them, as well as on alfalfa, rye, oats, and other field crops, during 
warm days in midwinter. 


NUMBER OF GENERATIONS. 


This insect has two generations annually in the region of Colum- 
bia, S. C., and it is very likely that it has no more than two any- 
where in the United States. Even though the adults of the second 
generation appear in sufficient time to reproduce the same year, they 
refrain from so doing until the following spring. The beetles of 
the second generation do not mate until the approach of fall or 
cooler weather. 
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Serious injury to young corn is largely done by the larve of the 
first generation of the year. 


NATURAL ENEMIES. 
NATIVE BIRDS. 


A number of our native birds prey upon the adults, or beetles, of 
the southern corn rootworm. Some of the common ones are the bob- 
white, red-headed woodpecker, nighthawk, cardinal, kingbird, and 
phoebe. Of these birds the bobwhite deserves — mention. As 
many as 12 of the bee- 
tles have been found in 
in the stomach of one 
bobwhite. 


INSECTS. 


The southern corn | 
rootworm has only a 
few insect enemies, the 
chief one being a two- 
winged fly’ (fig. 7) 
which attacks it in the 
beetle stage. This fly 
places a maggot, or Fig. 7.—A fly enemy of the southern corn rootworm. 


larva, in the abdomen At the right is shown the piercer by means of which 


the fly deposits a maggot within the adult or beetle of 
of the beetle, and the the rootworm. Fly about eight times natural size. 


maggot feeds on the 

vital organs of the host and finally kills it. After the death of the 
beetle the parasite larva, being full-grown, enters the ground and 
forms a tough, leathery case in which it passes into the next or pupa 
stage. This case, termed puparium, is dark and covered with needle- 
like spines. From the puparium there emerges in due time the adult, 
or fly, which starts the cycle again. This parasite is not very 
common and thus far has not played a very great réle in the destruc- 
tion of the pest. 


PREVENTIVE AND OTHER CONTROL MEASURES. 


Various methods, when diligently and thoroughly employed, will 
aid greatly in preventing injury to corn by the southern corn root- 
worm. The most important of these methods is timely planting. 


7 Celatoria diabroticae Shimer. 
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TIMELY PLANTING FOR LOWLANDS SUBJECT TO INFESTATION: 


The time at which the corn is planted affects to a large extent its 
likelihood of escaping rootworm damage. There is a period during 
which the worms are very active and do much damage. This period 
varies somewhat with the latitude and to a less extent with the alti- 
tude. It is earlier in the extreme South than in the more northerly 
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Fig. 8.—Periods during which corn should be planted in order to escape injury from the 
Southern corn rootworm. 


regions and slightly earlier in the lower than in the upper altitudes. 
The results of the investigations to determine the timely planting 
periods in infested lowlands of the Southeastern States show that the 
region may be divided into three belts or zones, each of which has a 





8In North Carolina the work upon which these recommendations are based was con- 
ducted in cooperation with Prof. Z. P. Metcalf, entomologist of the experiment station ; 
in Florida, with Prof. J. R. Watson, State entomologist. 
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definite planting period. (See fig. 8.) The first or lower zone in- 
cludes northern Florida and southern Georgia, and has a timely plant- 
ing period extending from April 20 to May 1. The second or central 
zone includes central Georgia and the southern half of South Caro- 
lina, and here the safe planting period is from May 1 to May 10. The 
third or upper zone includes northern Georgia, the northern half 
of South Carolina, and all of North Carolina. The safe planting 
period for this zone is from May 10 to May 20. Lowlands planted 
to corn in the three regions during the planting periods recommended 
will not be seriously infested by rootworms, and many of the plants 
that are infested under these conditions will recover. Corn planted 
in Georgia, South Carolina, and North Carolina during April usually 
suffers severe injury. Plantings made very early in the season occa- 
sionally escape damage. However, on account of the danger from 
frost it is not advisable to plant low grounds as early as this. Fur- 
thermore, it is seldom possible to make an early planting. The soil 
in the lowlands at this time of year is often too wet to permit plow- 
ing and a good preparation of the seed bed. 

In each locality the safe planting periods naturally will vary some- 
what from year to year, depending upon seasonal weather conditions. 
During exceptionally early seasons the period may be advanced some- 
what, while during late seasons it should be delayed. Every farmer, 
however, by careful observations extending over a period of years, 
may discover at what date his low ground should be planted so as to 
minimize the ravages of this pest, taking into account, of course, 
other important factors in crop production. 


BURNING OVER WASTE PLACES. 


Large numbers of beetles are destroyed by burning over waste 
places, such as the borders and terraces of fields. This should be done 
in the winter and on cool days. Beetles at that time and on such 
days congregate in dead grasses, seeking protection from cold. The 
value of this measure is realized when one considers that the killing 
of one female in winter is as important as would be the destruction 
of from 400 to 600 worms in the spring. 


CROP ROTATION. 


Judicious crop rotation should be practiced wherever possible. It 
is not well to follow corn with corn. There are several crops that are 
not injured by these worms, the foremost of which is cotton. Some of 
the smaller grains are only slightly damaged and can, therefore, be 
used to good advantage in the rotation. If a corn crop follows one 
of the smaller grain crops the same year it will not be damaged by 
the rootworm, because of lateness of planting. 
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It is a common practice among some of the planters in the south- 
eastern States who are acquainted with rootworm injury to plant 
corn thicker in the lowlands than in the uplands. Double the number 
of grains are dropped in low ground. This offers twice the chance of 
securing a stand and is to be recommended especially for fields which 
consist partly of low ground. The upland in such cases may be 
planted in the regular way. In lowlands of large area this measure 
loses its value, for if corn is planted thickly some thinning may be 
necessary and this may mean a loss of labor, time, and money; under 
such conditions timely planting periods should be observed as 


recommended. 
ENRICHING THE SOIL. 


Soil rich in plant food will produce plants that are more hardy, 
healthy, and capable of resisting insect attack than soil which is not 
se supplied. Plants injured by the “ budworms” sometimes recover, 
and the chances are that a larger percentage will do so in rich than 
in poor soil. Legumes should rank high in the rotation. They will 
add to the soil the much desired humus as well as store in the soil the 
valuable nitrogen extracted by these plants from the air. 

It has been found that lowlands supplied abundantly with animal 
fertilizers are more seriously affected by these worms than those not 
so treated. It is well to use commercial fertilizers in such cases. 
This does not, as believed by some, repel the insects, but affords a 
less favorable breeding place. 


SUMMARY OF CONTROL MEASURES. 


(1) To prevent serious injury to corn by the southern corn root- 
worm, lowlands in southern Georgia and western Florida should not 
be planted before April 20 to May 1; in central Georgia and the 
southern half of South Carolina, not before May 1 to May 10; in 
northern Georgia, the northern half of South Carolina, and all of 
North Carolina, not before May 10 to May 20. If possible no corn 
should be planted in the lowlands in this region during the month of 
April. 

(2) Destroy beetles by burning over waste places in winter. 

(3) Practice rotation of crops. Do not follow corn with corn. 
Follow rotation as recommended by your State Experiment Station 
or by the United States Department of Agriculture. 

(4) Plant low places in fields twice as thick as the uplands. Thin 
out later if necessary. 

(5) Enrich the soil. Raise leguminous crops; these add humus 
and nitrogen to the soil. 


O 
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O* ALL CORN PESTS in the South one of the most 

serious is the southern corn rootworm, the larva, or 
young, of the 12-spotted cucumber beetle. True to its 
name, it feeds on the roots, but in young corn it also drills 
a small hole in the stem just above the first circle of roots, 
boring out the crown and killing the bud. Attacked plants 
either die outright or are so badly stunted as to be un- 
productive. Lowland corn suffers the most, and injury is 
greatest during cool, damp seasons. The adult, or beetle, 
is also exceedingly destructive; not, however, to corn, but 
to cucumber, squash, and a great variety of other truck 
crops and ornamental plants. 

Progressive farming methods, as described in this bulletin, 
will reduce the ravages of this insect. Terraces and margins 
of fields should be burned over to destroy dead grass, weeds, 
and rubbish in which the beetles pass the winter. And corn 
can be planted late enough to avoid serious injury from root- 
worms, as recommended on page 7 of this bulletin. On lands 
subject to infestation in northern areas, hybrid varieties 
of corn that develop profuse, fibrous root systems should be 
planted. The soil may be enriched by planting legumes so 
that the corn will have a better chance of recovery from 


rootworm injury. 
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THE SOUTHERN CORN ROOTWORM AND 
FARM PRACTICES TO CONTROL IT 
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ECONOMIC IMPORTANCE AND COMMON NAMES 


ORN GROWERS in the Southern States suffer damage from the 
southern corn rootworm (Diabrotica duodecimpunctata (F.)) 
(fig. 1) practically every year. In fact, the rootworm has few com- 
petitors as a serious corn pest in 
the South. During some sea- EE 
sons it is quite a difficult matter Agape 
to get a stand of corn in the 
lowlands on account of these 
“‘worms.”’ During years of Figure 1.—Larva, or grub, of a south- 
heavy infestation it is necessary ©"? Corn rootworm, side view. About 
444 times natural size. 
to replant corn as many as three 
times, and even then only a poor stand is obtained. The loss that 
may be attributed to the ravages of the pest is probably even greater 
and more far-reaching than is commonly supposed. Very often 
weather conditions are blamed for the yellowish and sickly appear- 
ance of corn and the resulting poor yield of the crop when the true 
cause is injury done by the southern corn rootworm. 

The southern corn rootworm is commonly known as the “budworm”’ 
in fact, few farmers know it under the former name. It is also some- 
times termed “drillworm.’’ These names are more or less descriptive 
of the injury done to the plant by the grubs. The adult, or parent, is 
known as the 12-spotted cucumber beetle, from the fact that it has 
12 black spots on its back and is often a serious enemy to cucumbers 
and allied plants. 

230657°—40 
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GEOGRAPHICAL RANGE OF THIS AND RELATED ROOTWORMS 


The southern corn rootworm is found throughout the greater part 
of the United States, from Maine to Florida and from the Atlantic 
coast to the Rocky Mountains. It occurs also in Mexico and Canada. 
It is not recognized, however, as a serious enemy of corn north of 
Maryland and the southern parts of Ohio, Indiana, and Illinois, south 
of Georgia, or west of the Mississippi River, with the exception of 
parts of southeastern Missouri, eastern Arkansas, southeastern Texas, 
and Louisiana (fig. 2). : 

A closely allied western insect, the corn rootworm (Diabrotica longi- 
cornis (Say)) takes its place to some extent in the Middle West and 

also is found from 
Maine to the Gulf of 
Mexico and westward 
to Minnesota, South 
Dakota,,; and New 
Mexico. 

In the States bor- 
dering the Pacific 
Ocean occurs another 
closely allied species 
known as the western 
spotted cucumber 
beetle (Diabrotica 
soror LeConte) , which 

Figure 2.—The shaded areas on this outline map of the in its grub stage is a 

United States show the region where corn*is most pootworm attacking 

seriously injured by the southern corn rootworm. . : 

various cultivated 


crops. In southern Texas there is still another species, the banded 
cucumber beetle (Diabrotica balteata LeConte), which sometimes does 
practically as much damage to corn in that region as does the southern 
corn rootworm. 


WHEN SERIOUS INFESTATIONS MAY BE EXPECTED 


Serious infestations of the rootworm may be expected during 
seasons of abundant rainfall and cool weather, conditions conducive 
to the development of this insect. Corn in lowlands is more seriously 
affected than that in uplands, as this insect prefers to breed in moist 
soil. Thus it is only during years of heavy infestation that corn in 
uplands is subject to serious damage. 


INJURY TO CORN BY THE ROOTWORM 


The “worm” or larval stage (fig. 1) of this insect is the one most 
injurious to corn. As the name “corn rootworm’” would indicate, 
it feeds on the roots of corn, but it does not confine its injuries to the 
roots; indeed, the greatest damage to young corn is that done by the 
worm in drilling a small hole into the stem directly above the first 
circle of roots and feeding on the interior, boring out the crown and 
killing the bud (fig. 3). Plants affected in this way break off at the 
injured point when an attempt is made to pull them. 
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HOW INJURY TO CORN BY THE ROOTWORM CAN BE 
RECOGNIZED 


When young corn has been damaged by this insect the fact can be 
easily detected. The bud leaves of injured plants, having been cut 
off from the main plant, dry up and die (see cover page illustration), 
while the rest of the plant retains its original color for a time. Subse- 
quently the whole plant dies if injured badly. Badly injured plants 
occasionally give rise to suckers which may produce ears, but these 
are usually of a poor 
quality. It is on 
account of the pe- 
culiar injury to the 
bud that the insect 
is often called the 
‘‘budworm,’’ but 
this name is fre- 
quently applied to 
several other kinds 
of insect. 

When the worms 

feed on the roots of 
older plants they 
cause them to fall 
over .or lodge (fig. 
4), or to appear 
sickly or stunted 
and send up a num- 
ber of suckers which 
are either sterile or 
will produce grain 
of an inferior qual- 
ity. 


DEVELOPMENT 
OF THE INSECT 


Thesouthern corn 
rootworm has four 
distinct stages 
through which it 
passes in its devel- 
opment. The first : ieee 
is the e the sec- Figure 3.—Corn plant showing injury by southern 
88; corn rootworm to growing point or “bud.” 
ond the grub or 
larva, the third the pupa, or resting stage, and the fourth the adult, 


parent, or beetle. 
EGG STAGE 


The egg (fig. 5) is oval and about the size of a large pinhead. It is 
dull yellow when freshly laid but later turns a deeper yellow. Its 
surface is covered with extremely small, shallow pits which in out- 
line resemble six-sided figures. Eggs are deposited by the female 
beetle slightly below the surface of the ground among various her- 
baceous plants. Their number varies greatly. More than 500 may 
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be laid by one individual and as many as 100 in 1 day. Eggs usually 
are deposited early in the evening. Sometimes, however, the female 
may deposit eggs in the daytime, even at midday. The eggs hatch 
in about 3 weeks very early in the spring and in from 6 to 8 days in 
midsummer. The length of the egg period depends on the prevailing 
temperature. 


GRUB, OR LARVAL STAGE, AND LARVAL FOOD PLANTS 


The grub, or larva, when first hatched is slender and yellowish 
white with a dark-brown head and a dark patch on the top of the last 


a 


Figure 4.—Corn plants fallen or lodged because of injury to the roots done by 
the southern corn rootworm. 


body segment. It is active at this stage of growth but so small that 
it is scarcely perceptible to the unaided eye. The full-grown larva 
usually is deep yellow. The head and patch on the last body segment 
are somewhat darker than in the newly hatched larva. The mature 
larva (fig. 1) tapers toward the head end, the last few segments of 
the body being much wider than the head, which makes them appear 
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as if swollen. The grub stage lasts from 3 to 4 weeks. Occasionally, 
however, the insect may live in this stage from 5 to 6 weeks. As the 
larva increases in size, it molts, or sheds its outgrown skin, twice. 

When infested corn is examined the grubs may be found in their 
tunnels or among the roots, though sometimes they are some distance 
away from the injured plants, probably migrating 
to other corn plants in the same row. Usually 
only one larva is found at one plant, but sometimes, 
though rarely, there may be two. 

In addition to corn, the larvae of this species 
are known to feed and live on the roots of Johnson 
grass, southern chess or rescue grass (Bromus 
catharticus Vahl.), wheat, millet, rye, young oats, figure 5,—Egg of 


and alfalfa. the southern corn 
rootworm, magni- 


PUPA, OR RESTING STAGE ee ctit a4 


times. 





After the larva is full-grown it enters the ground 
to a depth ranging from a few inches to a half foot or more, depending 
on the texture of the soil. It then makes a cell somewhat oval in 
outline and smooths it very evenly on the inside. Presently the 
larva begins to shorten, and after a few days it sheds its skin and 
passes into the pupal or resting stage (fig. 6). 

In this stage the insect cannot move from p.ace to place and is not 
destructive. The only part capable of movement is the tip of the 
abdomen, which is moved about violently when 
the pupa is disturbed. The pupa is soft, yellow- 
ish, about one-fourth of an inch long, and has two 
very conspicuous spines at the tip of the abdomen. 

The pupal stage lasts from 6 to 8 days in summer 
and from 10 to 13 days in spring and fall. At the 
end of this period the 12-spotted beetle, or adult, 
comes forth and works its way through the soil to 
the surface of the ground. 


ADULT, OR BEETLE STAGE, AND FOOD HABITS 
OF THE BEETLE 


The adult or beetle (fig. 7), the egg-laying stage 
of the insect, is about one-fourth inch long, 
yellowish-green, with a black head and legs and, 
as previously stated, with 12 black spots on the 
back. _ These spots are irregular in outline and 
Fiaunz 6.—Pupa, generally somewhat separated. _ 
or resting stage, The beetle is very active during warm weather 
of the southern and can be captured only with difficulty. If 
corn rootworm, danger threatens it when feeding, it falls to the 
magnified about ground and crawls away under rubbish or hides 
eight times. : . ; 
under the foliage of small plants. During cool 
weather it becomes less active, and when the 
temperature is n¢4r freezing it scarcely moves, even when disturbed. 
In this stage the insect often does considerable damage to young 
corn by cutting off the bud leaves, although such plants usually re- 
cover. The adult, or beetle, is more injurious to certain truck crops 
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than to corn, especially to squashes, cucumbers, etc., and on this 
account is known as the 12-spotted cucumber beetle. It injures 
these plants by making numerous small holes in the leaves, and if 
the plants are small and have only a few leaves much harm is done. 

In relation to corn the beetle stage is important as being the egg- 
laying period of the insect, for the female, after having mated, places 
her eggs in the soil near the corn plants. 


HOW THE INSECT PASSES THE WINTER 


The southern corn rootworm passes the winter in the beetle stage, 
except possibly in southern Florida and Texas. In more northerly 
regions the beetles go into hiber- 

nation late in the fall; that is, they 

crawl under rubbish and to other 

places that afford them protection 

from the cold and remain in an inac- 

tive condition during the winter. 

With the return of warm weather 

they again become active. In the 

upper margin of this range of infesta- 

tion the insect apparently dies at 

the end of each season, and the area 

is reinfested each year by migrant 

beetles coming from points farther 

south. In the more southern States, 

where temperatures are mild, the 

beetles do not hibernate in winter, 

but during cool days and nights hide 

under rubbish, among dead grasses, 

or under low-leaved plants and resume 

activity when the weather again 

becomes warm. In the South, there 

Figure 7.—Southern corn root- are some native plants which remain 
worm: Aaa or fee green throughout the winter, and 
a nace el out eight \eetles have been found feeding on 
them, as well as on alfalfa, rye, oats, 


and other crops, during warm days in midwinter. 
NUMBER OF GENERATIONS 


This insect has two complete generations annually in the vicinity 
of Columbia, S.C. Even though the adults of the second generation 
appear in sufficient time to reproduce the same year they refrain 
from doing so until the following spring. The beetles of the second 
generation do not mate until the approach of fall or cooler weather. 

Serious injury to young corn in the South is largely done by the 
larvae of the first generation of the year. 


NATURAL ENEMIES 
NATIVE BIRDS 


A number of our native birds prey upon the adults, or beetles, of 
the southern corn rootworm. Some of the common ones are the bob- 
white, red-headed woodpecker, nighthawk, cardinal, kingbird, and 
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phoebe. Of these birds the bobwhite deserves special mention. As 
many as 12 of the beetles have been found in the stomach of one 


bobwhite. 
INSECTS 


The southern corn rootworm has only a few insect enemies, the 
chief one being a two-winged fly, Celatoria diabroticae (Shimer) (fig. 8), 
which attacks it in the beetle stage. This fly places a maggot, or 
larva, in the abdomen of the beetle, and the maggot feeds on the vital 
organs of the host and finally kills it. After the death of the beetle 
the parasite larva, being then full-grown, enters the ground and forms 
a tough, leathery case in which it passes into the next or pupal stage. 
Thiscase, called a puparium, is dark and covered with needle-like spines. 
From the puparium 
there emerges in 
due time the adult, 
or fly, which starts 
the cycle over again. 
This parasite is not 
very common and 
thus far has not 
played a very great 
role in the destruc- 
tion of the pest. 


PREVENTIVE AND 
OTHER CONTROL 
MEASURES 


Various methods, 

when diligently and Ficure 8.—Celatoria diabroticae, a fly enemy of the 

thoroughly employ- southern corn rootworm. At the right is shown the 
at ¥ piercer by means of which the fly deposits a mag- 

ed, wil aid greatly got within the adult or beetle of the rootworm. 

in preventing in- Fly about eight times natural size. 

jury to corn by 

the southern corn rootworm. The most important of these methods is 


timely planting. 
TIMELY PLANTING FOR LOWLANDS SUBJECT TO INFESTATION ! 


The time at which the corn is planted affects to a large extent its 
likelihood of escaping rootworm damage. There is a period during 
which the worms are very active and do much damage. This period 
varies somewhat with the latitude and to a less extent with the alti- 
tude. It is earlier in the extreme South than in the more northerly 
regions and slightly earlier in the lower than in the upper altitudes. 
The results of investigations to determine the best planting periods 
in infested lowlands of the Southeastern States show that the region 
may be divided into three belts, or zones, each of which has a definite 
planting period (fig. 9). The first or lower zone includes northern 
Florida and southern Georgia, and has a safe planting period extend- 
ing from April 20 to May 1. The second or central zone includes 
central Georgia and the southern half of South Carolina, and here the 
safe planting period is from May 1 to May 10. The third or upper 





1In North Carolina the work upon which these recommendations are based was conducted in cooperation 
with Z. P. Metcalf, entomologist of the North Carolina Agricultural Experiment Station; in Florida,with 
J. R. Watson, State entomologist. 
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zone includes northern Georgia, the northern half of South Carolina, 
and all of North Carolina. The safe planting period for this zone is 
from May 10 to May 20. Corn planted in the lowlands in the three 
regions during the planting periods recommended will not be seriously 
infested by rootworms, and many of the plants that are infested under 
these conditions will recover. Caan planted in Georgia, South Caro- 
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Figure 9.—Periods during which corn should be planted in order to escape injury 
from the southern corn rootworm. 


lina, and North Carolina during April usually suffers severe injury. 
Plantings made very early in the season occasionally escape damage, 
but on account of the danger from frost it is not advisable to plant 
low grounds as early as this. Furthermore, it is seldom possible to 
make an early planting. The soil in the lowlands at this time of year 
- Agee too wet to permit plowing and a good preparation of the seed 
ed. 

In each locality the safe planting periods naturally will vary some- 

what from year to year, depending on seasonal weather conditions. 
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During exceptionally early seasons the period may be advanced some- 
what, whereas during late seasons it should be delayed. Every 
farmer, however, by careful observations extending over a period of 
years, may discover at what date his low ground should be planted so 
as to minimize the ravages of this pest, taking into account, of course, 
other important factors in crop production. 

Where soil conditions permit, injury to young corn may sometimes 
be avoided by plowing the land very early in the season, or at least 
a month before the corn is to be planted. Any rootworms surviving 
this treatment will reach maturity before the corn is planted, and the 
resulting bectles will leave the field in search of suitable growing vege- 
tation in which to lay their eggs. The plowed land should be kept 
barren until planting time in order to prevent the further deposition of 
eggs by the beetles. 


BURNING OVER WASTE PLACES 


Large numbers of beetles may be destroyed by burning over waste 
places, such as the borders and terraces of fields, in the winter and on 
cool days. Beetles at that time and on such days congregate in dead 
grasses, seeking protection from cold. The value of this measure is 
realized when one considers that the killing of one female in winter is 
as important as would be the destruction of from 400 to 600 worms in 


the spring. 


PLANTING HYBRID VARIETIES OF CORN THAT PRODUCE ABUNDANT 
FIBROUS ROOT SYSTEMS 


In the more northerly range of the southern corn rootworm, where 
injury to corn is mainly the destruction of the roots and subsequent 
lodging of the stalks, hybrid varieties of corn which develop profuse 
fibrous root systems suffer less damage than those having a fimited 
supply of coarse roots. The corn grower in this section, before plant- 
ing lands subject to infestation, should consult the local county agri- 
cultural agent or the nearest experiment station regarding the best 
hybrid varieties of corn to plant in his locality. 


THICK PLANTING 


It is a common practice among some of the planters in the South- 
eastern States who are acquainted with rootworm injury to plant 
corn thicker in the lowlands than in the uplands. Double the number 
of grains are dropped in low ground. This offers twice the chance of 
securing a stand and is to be recommended especially for fields that 
consist partly of low ground. The upland in such cases may be 
planted in the regular way. In lowlands of large area this measure 
loses its value, for if corn is planted thickly some thinning may be 
necessary and this may mean a loss of labor, time, and money. Under 
such conditions the best planting periods should be observed as 
recommended. 

ENRICHING THE SOIL 


Soil rich in plant food will produce plants that are more hardy, 
healthy, and capable of resisting insect attack than soil that is not so 
supplied. Plants injured by the ‘“budworms’’ sometimes recover, 
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and the chances are that a larger percentage will do so in rich than 
in poor soil. Judicious crop rotation should be practiced wherever 
possible. Legumes should rank high in the rotation. They will 
add to the soil the much desired humus as well as store in the soil the 
valuable nitrogen extracted by these plants from the air. 

It has been found that lowlands supplied abundantly with animal 
fertilizers are more seriously affected by these worms than those not 
so treated. It is well to use commercial fertilizers in such cases. 
These do not, as is believed by some, repel the insects. but afford 
them a less favorable breeding place. 


SUMMARY OF CONTROL MEASURES 


(1) To prevent serious injury to corn from the southern corn root- 
worm, lowlands in southern Georgia and western Florida should be 
planted between April 20 and May 1; in central Georgia and the 
southern half of South Carolina, between May 1 and May 10; in 
northern Georgia, the northern half of South Carolina, and all of 
North Carolina, between May 10 and May 20. If it is possible to 
avoid it, plant no corn in the lowlands in this region during April. 
If possible, plow lowlands early in the season, at least 1 month before 
planting to corn. 

(2) Destroy beetles by burning over field borders and terraces in 
winter. 

(3) Plant low places in fields twice as thickly as the uplands. Thin 
out later if necessary. 


(4) Enrich the soil. Raise leguminous crops; these add humus and 


nitrogen to the soil. 
(5) Plant profusely rooting, hybrid corn varieties in areas where 


root damage is severe. 
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28, 29 


929 13 


929 
929 
937 


940 
932 
949 
935 
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Dish drainer, for farm home, description and ‘use method___-_ 
Disinfectants— 

common, description and use 

power, comparison with carbolic acid, method 
Disinfection, grain, for smut, control methods_______________- 
Disk— 

harrows, description, use, adjustment, and care 

plows, description, use, adjustment, and care 
Ditches, drainage, use as barriers against Argentine ants____ 
Dogs— 

control laws, suggestion, and digest for different States_- 

licensed, identification 

menace to sheep industry, discussion 

sheep-killing— 


destruction, State laws allowing 


habits and corntrol.-._..______._ 


Dog’s tooth grass. See Bermuda grass. 

Dorset, M., bulletin on “Some common disinfectants ” 

Drags, brush, use in control of garden w ebworm in alfalfa____ 
Drainage, garden, importance 

Drier, cookstove, for farm home, Gestription and use method_ 
Drillworm. See Rootworm, southern corn. 


Eeraseur, castrating instrument, description and operation. __ 
Eggplant— 
cooking methods 


cultural directions, and varieties____- 


growing directions, and varieties recommended for home 
RNR te, ea ke eat ail ea pare 
Emasculator, description and use in castrating cattle________ 
TORN, Sasury wy rodents... 
Emulsions, oil, formulas, and directions for making 
Endive, cultural directions and varieties___._________-__ ero 
Equipment, spraying, for citrus orchards__ 
Evaporator, stove, for farm home, description and use method. 
Ewes, breeding age, discussion 


Fall plowing, grubworm control 
Fartey, FRANK W., bulletin on ‘“ Dehorning and castrating 
cattle” 
Farm— 
conveniences, Agricultural Department publications, list__ 
garden, in the North 
garden. See also Garden. 
home— 
butter-making equipment and use methods 
conveniences 
water systems for 
implements— 
eare and repair, No. 3, plows and harrows. 
care and repair No. 4, mowers, reapers, and binders__ 
live stock management in New England 
OR CB ee cen cccasionceaotbsne nsec 
Farming, cotton belt, soy beans in systems___..--.------_--_- 
Farms, New England, sheep-industry possibilities 
Feed— 
dairy cows, costs, with labor 
sheep, costs, with labor 


Farmers’ 
Bulletin No. Page. 


927 9-10 


926 1-12 
926 10 
939 15-24 


946 
946 
928 


935 
935 
929 


935 22, 26, 
81 


944 
936 
927 30-3 


949 11-13 





Fertilizers— 
soy bean 
value in vegetable garden 
vegetable growing 


Filters, cistern, requirements and management______________ 


Fire fighting on farm, water management 
Fireless cooker, homemade, for farm home, description and 
manufacturing directions 
Fioue, Lewis B., and Roy C, Ports, bulletin on “ Marketing 
butter and cheese by parcel post ” 
Florida— 
citrus tree spraying, control of insects and mites________ 
eee MUERECDR CUI i in Sie 
Fly trap, homemade, description uses and value 
Food, cold box, for farm home, description._._.____ aia aes 
Formaldehyde—- 
gas disinfection, method 
grain treatment for smut, directions 
value as disinfectant, and methods of use__..__-.________ 
Formalin. See Formaldehyde. 
Formic aldehyde. See Formaldehyde. 
EPO ate MIU Y OY TOURING in ok dive de mceinoen een mend 


Fruits, mummied, danger as sources of infection and removal_ 


Fumigation— 
Argentine ants, directions and cost..__.....__.___--____ 
DUMoINS. ANTeCtIOns. 8 so ee SEE BG, APO ee: 
citrus trees, OnJECHONE——— —— Ls cedrerdaedis eet gies a wtatcoees 

Fungi, 

Fungus pane of white rabe: 2 


Garden— 
city, arrangement. and: plan... ...-~.~.-.-..- 
crops, succession and rotation 
cultivation, use in preventing evaporation 
farm— 
location, plans, and arrangement___.-_-.-_-_-----_- 
SOUMIOR EUR TN. 9 CRI a ns 
haipemere, Gesirability, and Plano... eed ee 
home-— 
location, plan, and arrangement______-----_- 
vegetables, cultural advice for planting 
RVRURONND (STP oe oe oe Si ca ttn pid ciphec Sade oun eles 
plans, for beginners__--~~-~- 
protection against insects, and diseases__ 
Gardener, planting table, quantity of seeds and plants, ete. 
Gardening— 
city and suburban, types and descriptions____~.~-- sats 
home, in the South : 2 
Gardens— 
back-yard, size, arrangement, fences, and windbreaks____ 
city, importance and value, educational aid - children, 
aah sik ha a ss eens nda tp ps Ge dp Deena ends age wapie cw the 
home— 
cron. noteuens;. - isupertence.._ . 22255 oo 
location, soil; drainage, shade, etc., conditions af- 
fecting 
vegetable, fertilizing methods, formulas, and use rates___ 
vegetables, city and suburban 


Farmers’ 
Bulletin No. Page. 


929 17-22 
935 5-6 
939 24 


931 15 
934 16-17 
9837 9-11 

11, 
941 { 15-17 


941 63-64 
927 4-7 
930 1-12 


933 1-39 
935 13 
927 29-80 
927 18 


926 3-4 
939 16-20 
929 3-6 


932 5,10, 19 
938 
A 


928 15-16 
926 3-6 
933 5 
933 5-6 
940 14-15 


937 
937 
934 


937 
937 
937 


934 
934 
934 
934 
934 
937 


936 
934 


936 
936 
936 
936 


936 
936 
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Farmers’ 
Garlic— Bulletin No. Page. 
934 34 


Cuiomeel directions and US0S.. . ~~ nse cwensecaus2 { 937 39 


growing direction, for home gardens____________________ 936 44 
Gasoline, power outfit for use in spraying citrus orchards___- 933 9-19 
ie caw, OL CONLTOL, Gisests so o>. oo oe Sse ee 935 13 
Glomerella cingulata, cause of bitter-rot of apples, character- 

Pee rte, IONS oo ei AR ean ee ge 938 3-11 
Gophers, pocket, description, habits, and control___----- 932 9-11 
Grain— 

bundle tying, troubles and their remedies_____________- 947 

disinfection methods for smut control____________ 939 

feeding to sheep ae Se a a ee ate oa 929 

injury by rodents__ iene ekg aie pce giana ok lon cance pe ou 932 

seed— 

disinfection for cereal smuts______~--- ihe en 939 
injury by disinfection for smut, prec aution- Che aah 939 

yield after disinfection for smut_—--_-~~_- ee ee 939 
Grains, cost increase___..--_-~-_ eee tae, 929 
Grass, St. Lucie, small form of Bermuda | grass, ‘harmlessness 945 
Ground squirrel— 

Beechey, agent in spread of bubonic plague, control___ 932 

description, occurrence, and control ee 982 
Grubs— 

outbreaks, 1912, 1915, extent and injury___- ee oe 940 

species mistaken for common white grubs__- 940 


white— ep 
940 


common, “outbreaks, life history, habits, and control_ 940 
destruction by birds, mammals, and insects_____-__~~- 940 
Ne i ance apie Sa a ia li iain a 940 
infestation with thorn- headed Warnes eee 940 
Grubworms— 
outbreaks, life history, and control___- pease Pema S 940 
See also Grubs. 
Gumbo. See Okra. 


HANSEN, ALBERT A., bulletin on “ Eradication of Bermuda 
945 


Harrows, One eee Wee a a porerans 946 
931 


Harvesting, soy beans, methods and implements. ae ee eee 


Hay— 
alfalfa, making and baling in unfavorable weather______~_ 918 
945 


Bermuda grass, value 

crop and cost of harvesting 943 

curing methods____—__- Eee etek siete om ois 11-13, 
28,29 

929 20-21 


15-16, 
933 5 19-22, 
26-27 


feeding to sheep, kinds recommended--_-_-_-~-_- 


loader, description and use____ 


making— 
crews, size and management.__.____________._______ 943 19-24 
948 1424 


loading -systems.....__._.....-... see MSN bs og Bia aha 

prairie, making and baling 948 28 
publications, list 943 31 
soy bean, value and price 931 8, 22 
spontaneous combustion, causes and process___________~~ 943 7 

Haying— 

bad weather, management 943 29-30 
operations, description, mowing, tedding, raking, cocking_ 943 8-14 
943 1-31 


Haymaking 
Hogging off corn, value in eradication of white grubs 940 15-23 








, Page. 
34 

39 

44 
9-19 
13 


3-11 
9-11 


13-15 
15-24 

21 
12,13 


1-28 
24-27 
7-28 

13 
6 


12-13 
11-15 


3-5 
11 


28 
1-28 
2-14 
6-27 


“— 


1-28 


1-12 
6-9 
5-20 


8,29 
)-21 
~16, 
—22, 
27 


+24 
24 
28 
31 
, 22 


~30 
—14 
—31 
-23 








Hogs— 
RN Ci hac de 
usefulness in eradication of Bermuda grass____-----_---_ 
Home— 
II CRGE: OT TARR ae I ee 
farm— 
chief requirements for comfort__-_.-------------~-- 
See also Farm home. 
garden, vegetables, cultural adivce for planting____-__--- 
water consumption and requirements____.-------------- 
MOMes farm, Water OPRLOINS. IOP... 665 se site i eee 
Honeydew, excretion by soft scales, and collection by Argen- 
NN I ai SS an sts anes ati ah ae 


erereeracm, - Culture: and W800. =~ 3 so ee 


Horton, J. R., bulletin on “Control of the Argentine ant in 
MUI HNEN RII ay oot ec a Se Nee ee 
Hose, spraying, description, and requirements______________-_ 
Hotbed, value for starting plants, directions_________---_--- 
Hotbeds— 
Irs SAUER os ee ee ek ears ad 
home gardens, description, and use methods___--------~- 
Household still, water softening, description and value___--_- 
HuMPHREY, Harry B., and ALpEN A. Porter, bulletin on 
“Cereal smuts and the disinfection of seed grain ”’___-__--- 
Hydraulic— 
ram, installation under various conditions________-_____-~- 
yee, - Se ANG operation... sea sys enttakt ae asus 
Hydraulics, friction loss and pumping head__-__------------~- 






























Iceless refrigerator, for farm home, description operation, 
I on ip i se es Bowser woe rl past 
Renee Pr we CUETO, Os oa i haere ene 
Miinois 44w; dog control, digest.._............._.._..-.-.-.-- 
Implements— 
attention, general directions for machinery__~--.------~~ 
farm— 





care and repair No. 3, plows and harrows__-------~--_ 
eare and repair No. 4, mowers, reapers, and binders_ 
Saree In, Ge -COmMtrOL, iment. ons re 
Infiltration, galleries, water supply, nature and suggestions__ 
Snoculatéion, soil, for soy. beans.2200< 2 222 see uct 


Insecticides, citrus spraying, formulas and schedules___-__--~ 








Insects— 
citrus trees, Florida, spraying for control__.______-----_~- 
control in home gardens, methods__-_.---.------------- 
enemies of southern corn rootworm, list_____...--------- 
enemies of white grubs usefulnmess_____-_---_---_---_-_- 

injurious to— 

cereal and forage crops, Agricultural Department pub- 
I I hal ae 
citrus fruits, publications, list.._._.._._..._.._-._--_-__- 
crops, list of Department publications__._..____.._-__ 
Iowa, hay making practices, management of crew__----~-~-~-~ 
ee eee cho COmenOL, Wen... 
Irrigation, necessity and value for home gardens, methods____ 
Ironing board, folding, for farm home, description______-___- 
Ironing-board rack, for farm home, description___._-.__-.__- 
Italian rye grass, use with Bermuda grass for lawns____----- 





















June bugs— : 
description, life history, habits and danger to crops____-- 


See also May beetles. 
100113—19——3 





27 
935 
935 


947 
935 
941 
931 


933 { 


933 
936 
950 
940 


950 
933 
950 
943 
935 
936 
927 
927 
945 


9 





Farmers’ 

Bulletin No. Page. 
940 15-23 
945 2,11 
927 1-32 
941 3 
934 24-44 
941 10 
941 148 
928 4-5, 8,9 
934 34 
937 3940 
928 1-20 
9383 12-14 
934 10-11 
937 12-14 
936 18-21 
941 65 
939 1-28 
941 37-45. 
941 387-45 ~ 
941 438-45 






14-17 
13 
13 


3 


1-9 

- 1-16 
13-14 
36-37 
12 
16-23, 
80-32 


1-39 
33-34 


13-14 


11-12 


11-12 
26-27 
14 


13 
13-14 







3-15 
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Farmers’ 


Bulletin No. Page. 


Kale— 
cultural directions and use 


cultural directions, and varieties__..__.______________-_____ { 


Kangaroo rat, description, occurrence and control 

Kansas law, dog control, digest 

KE ty, E. O. G., and T. S. Witson, bulletin on “ Controlling 

the garden webworm in alfalfa fields” 

Kentucky law, dog control, digest._._...___-_____-___________ 

Kerosene emulsion, use in control of white grubs in lawns___ 

Kitchen cabinet, homemade, for farm home, description 

Kohl-rabi— 
I i as le 


cultural directions and variety 


Labor— 

costs, dairy and sheep raising, comparison 

crop growing, comparison of soy beans with corn 
Labor-saving conveniences, for farm homes 


-Lambing, increase, methods, and effect on profits__.__.._..__.__ 


Lambs, late and early, advantages and disadvantages 
Lachnosterna lanceolata. See May beetle. 
Lantz, Davin E., bulletin on “ Rodent pests of the farm ” 


Lawns— 
Bermuda grass and Italian rye grass___________________ 


grubworms, eradication 


Lettuce— 
cultural directions, and varieties__._.__._._._..___...--______ 


growing directions and varieties recommended for home 


chlorinated, disinfectant, use and value 
use and value as disinfectant, forms used_______________ 
use and value in vegetable gardens, use in methods and 


use as disinfectant 


use in growing soy beans 
Lime-sulphur solution, spraying schedule for citrus pests 
Live stock; management on New England farms 


Loader, hay, description and use 


eae cone, eynteme. kn i ee Le 
Louisiana— 


Argentine ant, injuries and control measures. 
few mids Control Migest: 2ocbo ss sel es ks 


Lozostege similalis. See Webworm, garden. 
LueInsitt, Purp, bulletin on “ The Southern corn root-worm 


and farm practices to control it ” 


Machinery— : 
farm, care and repair of mowers, and binders 


haying, description and requirements. 


~f 16,19, 
937 { 23, 40 
934 34 
936 44 
932 8-9 
935 14 


944 
935 
940 
927 


937 
934 
936 


945 
940 
935 
937 
931 


984. 35 
16, 19, 

9374 28, 41— 
42 

986 ° 45-46 


926 
926 
926 


936 
926 
931 
933 
929 


3-30 
15-16, 
943; 19-22, 

26-27 
943 14-24 


8, 7-8, 
928 9 tyat 


935 14-15 
950 1-12 


947 or 
043 18-21 





mn KK ONONO boner 1 Se See aN 
nN NNN 2 BWI PR 2bRN. NYSSNE 


Maine— 
law, dog control, digest 
sheep industry, location and conditions 
Manures— 
value in vegetable garden 
vegetables, growing 
Marrow, vegetable, cultural directions and use 
Maryland law, dog control, digest 
Massachusetts law, dog control, digest 
May beetles— 
feed and manurial value 
REE AO. TLOCN. ANG. CONG. ogo ciidieniecminenoniioc sniawnd 
McCuvreE, H. B., bulletin on “ Haymaking ” 
McCormick, E. B., and L. L. Berse, bulletin on— 
“Care and repair of farm implements, No. 8. Plows and 
harrows” 
“Care and repair of farm implements, No. 4. Mowers, 
reapers, and binders” 
Meadow mice, descriptions, occurrence, habits, etc 
Mealybugs, protection and _ by Argentine ants 
Melons— 


cultural directions and varieties 


growing directions and varieties recommended for home 
gardens 
Mercury, bichlorid, use as disinfectant, caution 
Mice— 
control in buildings 
meadow, description, habits, control 
pine, description, habits, and control 
short-tailed field, descriptions, habits, and control meas- 


white-footed, description, occurrence, and control 
Michigan law, dog control, digest 
Midge, clover-flower— 
control in Pacific Northwest 
control methods 
description, habits, injury to clover seed, etc 
occurrence, injury to clover, and control methods 
Milk of lime, directions for making and use 
Millet smuts, description and control 


Minnesota law, dog control, digest 

Mississippi law, dog control, digest 

meer? ew. doe CONT. Cigeet.... =... 5... =.-2- 
Mites, citrus fruits— 


Florida, control work 


Mouse plague, outbreak 1907-1908, note 


Mowers— 
care and repair with details of adjustment 


sizes used, different acreages. 


Mowing— 
alfalfa for control of garden webworm 
hay, machines, and practices...._.__........2id 


Mummies, fruit, danger as sources of infection, and removal-_- 


Muskmelons, cultural directions, and varieties 
Muskrats, habits, uses, and control 


11 


Farmers’ 
Bulletin No: Page. 


935 15 
929 3-6 


934 16-17 
937 

937 

935 

935 ° 


940 
940 


935 16 
935 16-17 


3, 16, 
933} 21-23, 
29-30 
933 1-39 
935 17 
932 4 


947 47 
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Mustard— Farmers’ 
cultural directions— Bulletin No. Page. 
36 
varieties 42 
growing directions and varieties recommended for home 
gardens 


mepragan: iaw, Gos control, divest. 2-22 26 
evades taw, dog control, digest... --_---. 2-2. 
ener. eeeenaetl., RNOeED on Pewee. oo et ee en Se 
New Hampshire— 

ine eee Control, direst... -.:-..---=-------- ae ee PEN eo 

sheep industry, location and conditions___.___-_----_-_-- 
New Jersey law, dog control, digest____._..__..----___--_--_ 
New Mexico law, dog control, digest__.__.______._______-__--__- 
New York law, dog control, digest J 
North Carolina— 

law, dog control, digest 


soy beans growing with other crops, etc 


North Dakota law, dog control, digest 


Oats, smuts, description and control 


— law ioe Control, Gigeets <ong es ec detes 4e27- ak: 
il— 

emulsions, formulas and directions for makfng 

soy bean, yield from ton of beans 
Oklahoma law, dog control, digest__._.___.-._________..--______ 
Okra— ‘ 

cultural directions— 


NE UIs Ear ke, wakes 


Sen. Varese owen see tS 
growing directions and varieties recommended for home 


cultural directions— 
: and varieties ______ fon cs ante Aaceee ead aor. nels oe biees 


and varieties 
growing directions and varieties recommended for home 


aphis, control by natural enemies_______-___---_-_-_--_-_- 
groves, Argentine ant control 
trees, banding, control of Argentine ant 

Oranges, spraying, insecticides, procedure, schedules, costs 


eI ERs SATE ee Oe ee ne 


Orchards, orange groves, control of the Argentine ant 
Oregon law, dog control, digest 
Oyster plant. See Salsify. 


Packages, parcel-post, addressing .and mailing, directions 
for butter. 

Pai T’sai. See Chinese cabbage. 

Panicum dactylon. See Bermuda grass. 

Paraffin oil, emulsions, spraying schedule for citrus pests 

Paraform. See Formaldehyde. 

Parcel post, marketing butter and cheese_...._..____-_.------- 
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Parsley— Farmers’ 


cultural directions— Bulletin No, Page. 
{ 16, 19, 


937 | 23, 
438-44 
934 37 


and use 


and varieties 
growing directions and varieties recommended for home 
gardens 
Parsnip, cultural directions, and varieties_____._._-__-_---------- 934 
Parsnips— 
cultural directions 937{ mee . 
a» 
growing directions and varieties recommended for home 
gardens 2 
Pasturage, destruction by rodents_._.__._..__.-...._..... 2... 
remoure, bermuda grass, value... oe 
Pastures— 
injury by white grubs________________ 940 4-5 
sheep, New England 929 18-2 
Pasturing, red clover, value in control of clover-flower midge__ 942 10 


Peas— 
16, 19, 


937 | 23, 
44-45 


936 48 
38 


936 48 
932 10,15 
945 6 


cultural directions____— 


SR RN RN ie oe Ta Ye Bb pe 934 
growing directions and varieties recommended for home 


Speen menrng 5 ae ee a RE i 2 at oe 936 
Pennsylvania law, dog control, digest and text___.-__-----_-- es 935, 


Peppers— ‘ 
934 38-39, 


cultural directions, and varieties___._._._____._._._..._______- 937 


growing directions and varieties recommended for home 
ORR he CE ora eh oe eT a ae 936 
Perishables, parcel-post packages, addressing and mailing 930 
Pests, rodents on the farm 932 
Pe-tsai. See Chinese, cabbage. 
Phenol, use as disinfectant, advantages and disadvantayes_____ 926 
Physalis, cultural directions and use 937 
Picker, soy bean, description, use and cost___-_----_---~-- 931 
Pierce, LESIE, and JOHN W. Roserts, bulletin on “Apple bitter- 
rot and its control ” 938 
Pine mice, description occurrence, habits and control 932 
Pipe, water, selection, installation, lining, ete__-_--_- ae 941 
Planting — 
city gardens, planting table, dates and zones 936 
table, garden seeds, quantity, etc 937 


time, tables, for vegetable garden 


Plants— 
garden, starting in window boxes___------------- 
hotbed, hardening off. 
setting— 
in home gardens, time and methods___------_-_---~-- 
in open ground 
in the open, hints 
Plow parts, description, uses, care, and repair 
Plowing, eradication of Bermuda grass 
Plows, care and repair 


Pomon: cere. for: figid rodents... ce ec ee . 


Poisoning field mice, management, baits, etc 

Poisons, use in destruction of Argentine ant 

Postal regulations, butter packages, by parcel post 

a, permanganate, use in generating formaldehyde gas_ 
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Farmers’ 


Potatoes— Bulletin No. Page. 
16, 19, 


cultural directions o37{ 93, 46 
and varieties 934 389-40 
growing directions and varieties recommended for home 
gardens 936 49-50 
injury by white grubs, 1912, 1915 940 45 
PoTTerR, ALDEN S., and Harry B. HumpuHrey, bulletin on 
“Cereal smuts and the disinfection of seed grain” 939 1-28 
Potts, Roy C., and Lewis B. Fionr, bulletin on “ Marketing 
butter and cheese by parcel post” 930 1-12 
Pouched rats, description, occurrence, and control 932 9-11 
Poultry houses, portable, description, use on grubby land 940 19-20 
Prairie— 
dogs— 
description, habits, and control 982 15-17 
occurrence 932 15-17 
hay, making and baling : 943 28 
Publications— 
apple growing, list 988 138-14 
I NN meee ies E 933 39 
farm-home conveniences, list 927 32 
I a RN a ap ec nn cs ohn hh pier 943 31 | 
Pump— 
barrel, for orchard spraying 933 8-9 
suction, construction, and operation 941 45-47 
Pumping units, trade data 941 51 
Pumps— 
air-displacement, description, operation, and advantages- 941 538-54 
air-lift, use and construction 941 50-54 
capacity 941 49-50 
deep-well, construction artd operation 941 49, 
force, types and operation 941 41-49 
types, operation and requirements ¢ 45-54 


Quicklime, use as disinfectant 926 10-11 


Rabbits— 
habits— 
and control 
injury to crops, control measures 
Rack, for portable ironing board, for farm home, description_ 
Radish— 
cultural directions, and varieties____._____._._._____-___--__- 
growing directions and varieties recommended for home 
gardens 
ens eultrel directions... iin cent ener nase 
Rag-doll tester, for testing seed corn, description and use______ 
Rain water, nature and use on farm 


makes, ay, Gescription and use—..._.......~._- =.=... 


Raking, hay, practices 


Ram, hydraulic. See also Hydraulic ram. 
Rams, hydraulic, use and operation 
Rape, growing for sheep pasture, methods and value 
Rats— 
roestieeee: O20) TOO ss i ve 
cotton, description, habits, and control 
field pests, descriptions, occurrence, and control 
kangaroo, description and control 
Reapers, care and repair with details of adjustment 
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Farmers’ 
Reed-grass. See Bermuda grass. Bulletin No. Page. 
REESE, MapceE J., bulletin on “ Farm home conveniences ”____ 927 1-32 
Refrigerator, iceless, for farm home, description, operation, 
care, etc 927 14-17 
Rhode Island law, dog control, digest 935 20 
Rhubarb— 
19, 


cultural directions___- 9374 48-49 


cultural hints, ete 934 41-42 
growing directions 936 50 
Roserts, JoHN W., and LEstre Pierce, bulletin on “Apple bit- 
ter-rot and its control ” 1-14 
Rockwoop, L. P., and C. W. CREEL, bulletin on “ Controlling the 
clover-flower midge in the Pacific Northwest ” : 1-12 
Rodents— 
control on the farm, cooperation 22-23 
mR cs i ac a a 23 
native, harmful description, habits, and control 4-20 
pests of the farm 1-23 
publications relating to 23 
relation of carniverous animals________________________ 21-22 
Rot, apple, description, cause, and control of bitter rot 1-14 
Rotation— 
cotton after corn, etc., for rootworm control 
crop— 
for vegetable garden 
grubworm control 
garden, importance, and value in checking losses 
Rotations, soy bean 
Roots, feed for sheep in winter 
Rootworm, southern corn— 
economic importance, and common names___-------_----- 
farm practices to control it 
injury to corn, nature and determination method 
preventive and control measures_--------_--------_-_--- 
Rootworms, spp., distribution and geographic range 


Rust, mites, control by spraying 


Rutabaga, cultural directions and use__----------_-__------ 
Rye— 
grass, Italian, use with Bermuda grass for lawns 


smuts, description and control 


Salsify— 
cultural directions— 
and hints 


Salt grass. See Bermuda grass. 

Sanitation, farm water supply, considerations 

Sash, hotbed, description 

Saws, dehorning, description, and directions for use 

Scab, sheep, control by dipping 

Scale— 
black, occurrence and control, relation of Argentine ant___ 
fluted, occurrence and control, relation of Argentine ant__- 
insects, protection and spread by Argentine ant 
soft brown, occurrence and control, relation of Argentine 


Scales— 
armored, enemies of oranges, relation of Argentine ant__-- 
citrus tree, in Florida, and their control 
soft, protection and spread by Argentine ants...___-_--__--- 
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School gardens, educational value to children and vegetable 
36 
9% 
Screens, window, necessity for farm home and description__. 927 
Screw worm, infection in wounds control 949 
Scutch grass. See Bermuda grass. 


Seed— 
9387 14-15 


945 7 

934 9-10 

936 17-18 

948 1-7 

9386 15-17 

grain, disinfection for cereal smuts____-_--__--_______--- 939 1-28 

soy bean, growing as a rotation crop 931 7-8 

soy beans, quantity per acre 931 11-12 

Seeds— 

garden, quantity for family of four__..--------~~- 
vegetable— 

warden tor @ family of four... ~~. een 934 15 

planting time, guides for Eastern and Western States_ 937 . 18-21 

quantity per 100 feet of row 937 16 

sowing directions and planting table______________- 4 937. 15-16 

vegetables, planting dates, quantities, etc 934 18-22 

Seeps, water utilization, management 941 23-26 

Shade crops, use in eradication of Bermuda grass___ 945 2,8-9 


937 11 


Sheep— 
breeds and breeding 929 26-28 
care— 
in New England 929 17-23 
in spring 929 22 
degeneration of flocks, tauses, discussion 929 23-24 


destruction by dogs and prevention 935 1-32 


diseases, insects, and dogs, control 929 23-25 
feed and labor costs, and profits 929 11-13 
feeding, summer and winter 929 17-22 
flocks, size for New England ’farms______-_-_-____________ 929 25-26 
improvement of industry in New England, suggestions____ 929 13-16 
industry, New England, expansion possibilities 929 16 
killing dogs 935 1-32 
large range in New England, management problems 929 

losses, number killed by dogs, 1913 935 


owners, compensation for losses by dogs__- 935 


pasturing, New England 929 
protection by dog-proof fences__..-.---..-.------.------. 935 
raising— 
New England farms 929 
profits, comparison with dairying : 929 9-13 
: publications, list 935 32 
Shipping containers, butter and cheese, marketing by parcel 
930 5-8 


po} 
Sinks, kitchen, heights of women and of working surfaces___- 927 10 
Skunk, enemy of white grubs 940 13° 
Situ, A. C., bulletin on “ Soy beans in systems of farming in 
the cotton belt ” 931 1-32 
Smut— 
corn, description 939 3-4 
loose, of wheat, description and control 939 <a: 


Smuts, cereal, description and control 939 1-28 
Snakes— 
protection by farmers, suggestions. 932 
usefulness in control of rodents 932 
Sod plant, Bermuda grass, value. 945 





1-7 


7-8 


11 


15 
18-21 

16 
15-16 
18-22 
23-26 
2, 8-9 


26-28 


17-23 
22 
23-24 
1-32 
23-25 
11-13 
17-22 
25-26 
13-16 
16 
1-82 
28-29 
4 

8-9, 
11-22, 
27 
18-20 
5-6 


1-30 
9-13 
32 


5-8 
10 


13° 


1-32 


34 
10, 
21-24 


Soda arsenite, use in poison baits for Argentine ants 
Soda-sulphur solution, formula and directions 
Soil— 

binder, Bermuda grass, value 

enrichment, for corn resistance to rootworms, on lowlands_ 


home gardens, preparation 


preparation— 
farm garden 
for vegetable garden 
texture, improvement for growing vegetables_____________ 
Soiling, clover fields, for midge control, cutting times, etc 
Soils, adaptation to Bermuda grass__________________________ 


Sorghum smuts, description and control 


South Carolina, dog control, digest 
South Dakota law, dog control, digest 
South, home. gardening 
Soy beans— 
area and soils adapted 
growing— 
in combination with other crops 
in cotton belt farming systems. 
inoculation, planting, and harvesting 


labor requirements and cost and prices_________-___ 


harvesting, methods and implements 
uses, feed and oil making 
varieties, and seed quantity per acre 
yields— 
Oe RN GN a ee zy 
per acre 
Spermophiles. See Squirrels, ground. 
Boeeue, ree contro: Dy aprayine A 
Spinach— 
eultural directions 


varieties 


growing directions and variety recommended for home 
gardens 
Sponge box, for farm home, description and use methods___-~ 
Spontaneous combustion, hay, cause and process______-_-_~--~ 
Spray, formaldehyde, disinfection method 
Spraying— 
apples for bitter rot 
citrus tree, Florida, for control of insects and mites_____~_ 
equipment for citrus orchards 


orange, insecticides, procedure, schedules, cost and results_ 
tools, ete 


BOreta mcs Ob WiIrus trees. ooo 5. 5 
Springs, bacteria content of water in various localities____.___ 


Squash— 
cultural directions and varieties__._____-~~ an eee ea 


growing directions and varieties recommended for home 
Teen ee gee iwc 


Squirrels, ground, description, habits, and control 
Stackers, hay, description and use 


Still, household, for softening water 
Storage, water for farm homes 
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928 19 
933 22 


945 6 
950 10 

aa! 25-26, 
936) “31-39 


937 8-9 
934 15-16 
934 16 
942 12 
945 5-6 


os0{ 


935 
935 
934 


931 


931 
931 
931 
931 
931 
931 
931 


931 
931 


933 


934 
937{ 


936 
927 
943 
926 


938 
933 
933 


933 { 


933 
933 
941 
934 
16, 19, 
987 ; 23, 50- 
51 
936 51 
932 11-15 
16-17, 
943 { 22, 23, 
27 


941 65 
941 61-62 
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Stove, evaporator, for farm home, description and use method_ 927 


Strychnin use in poisoning rodents, directions 


Sweet potatoes, cultural directions, and varieties 


Swiss chard. See Chard. 


Tables, kitchen, heights of women and of working surfaces____ 
Tanks— 
elevated, for water storage, types, and requirements 
hydropneumatic— 
construction and requirements 
trade data 
water storage for farm homes, types, and installation. __ 
Tar, use to protect wounds after dehorning cattle 
Tedding, hay, practices 
Tenants, division of crop, practices 
Tennessee law, dog control, digest_______-___________________ 
Testing, seed corn, rag-doll tester, description and use 
Temes’ law, dog control, digest... 2 boss eb ei 
THOMPSON, H. C., bulletin on “‘ Home gardening in the South ”_ 
Timothy— 
cutting and curing, yield and quality 
injury by white grubs, 1912, 1915_~2222 20-22 L ee 
Toads, enemy of garden webworm 
Tomatoes— 


. 


cultural directions, and varieties 937 


growing directions, and varieties recommended for home 
gardens 936 
Tools— 
garden, description and use____.---____--_-_____________ 934 
hand, for vegetable garden, description 937 
requirements for home gardening, list-.._.__._.__._-________-_ 936 
Transplanting— 
seedlings for root improvement 937 
vegetables, stimulation to root growth, hints__--_.-----.- 934 
Zeemeos, Tce. and rata, directions.......-- ci 932 
Traps— 
Argentine ants, direction for making and fumigation___-_ 928 
mouse, descriptions and management 932 
Tray, serving, for farm home, description 927 
Trees— 
banding— 
against insects 928 
for control of Argentine ant 928 
injury by June bugs or May beetles and their grubs____-_-_ 940 ¢ 
Trout, CLEMENT E., Georce J. Burt, and H. Howarp Biacer, 
bulletin on “ The rag-doll seed tester, its use in determining 
what ears of corn are fit for seed ” 948 
Truck crops, injury by rodents 932 
Turnips— 
cultural directions— 
and varieties 934 
16, 19, 


storing and use 937 { 23, 52 


growing directions and varieties recommended for home 
936 52 


gardens 
Twine, tying, grain bundles, troubles and their remedies 947 13-15 
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‘Typhoid, source in water supply 
tise AoW, og CONtTOL, Cleese on i ee 


Vegetable— 
garden, city and suburban 
oyster. See Salsify. 
seed, home gardens, selection, time and methods 
seeds, planting dates, quantities, etc 
Vegetables— 
cultural advice for planting 
early, use of seed box, hothed, and cold frame 
REPRO. -COMUEO). SUMBRBLIONS oo oe 
growing, publication list 
manures and fertilizers for farm garden 
planting, latest dates, Hast and West 
seeds— 
fore familly of tour: eebimnte: ooo 
planting time, guides, Eastern and Western States___ 
storage, for winter use 
surplus, preserving and utilization, methods 
varieties, growing directions 
Ventilation, sheep barns, necessary to health 
Vermont— 
law, dog control, digest 
sheep industry, location and conditions 
Virginia: law, dog: control, digest. ss 


WARREN, GEORGE M., bulletin on “ Water systems for farm 
homes ” 
Washington— 
haymaking practices 


Wasp, Tiphia, enemy of white grubs 
Waste places, burning over for destruction of southern 
rootworm 
Water 
bacteria contents, tests of water from different sources___ 
ground— 
movement, temperature, etc 
supplies for farm home 
hard, softening, directions 
pipes, selection, installation, lining, etc 


purification, methods and recommendations 


raising— 
methods 
NE OE MI WEE iia on Se ewe eee 
softening, methods 
surface, supplies for farm home 
system, pipes and fixtures, inside, selection and care 
Grams for form Nomegss 3 an 
tests of purity 
Watermelons, cultural diréctions, and varieties 
Waterworks— 
farm homes 
farm kitchen, description, cheapness, ete 
Webworm, garden— 
control in alfalfa fields 
description, life history, and control 
outbreaks, and occurrence, historical notes_____-_------~- 
Weed, Bermuda grass, occurrence and objections 
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93 


5 


5-40 
21 


1-68 
29-80 


o» 
-- 


13 
9 


5 


6-10 
21-37 
23 


62-63 
15, 
17-20 


387-54 
55-56 
64-66 
17-20 
66-68 
1-68 
8 

36 


1-68 
23-29 


4 
os ied 
3-4 
7-8 
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2 fl “es ‘ 941 81 


bored, making, lining..__._.__.._______- 
941 35-87 


drilled, making 
driven, making, requirements, objections_____._.-_------- 941 382-35 


dug— 
a 941. 380-31 


ee oe cna. 
lining and curb, requirements fsa voici in oid epnaliiaas | came Fees 941 26-30 


farm— 
location, selection, influence on water purity___._-_- 927 23-24 
protection from filth, vermin and seepage, methods__-_ 927 
location on farm = 941 
tubular, nature and requirements - SRS SRE TER 941 
water contamination, sources and danger, and relation 
to depth 


West Virginia law, dog control, digest and text________- 


941 
985 { 


Wheat, smuts, description, losses caused, and control 9304 


White fly, citrus— 


Control Dy Argentine ‘ants2 22 03-5 3 et 928 


injuries in Florida, and control 8 


Witson, J. F., bulletin on “ The sheep-killing dog” 935 
Witson, T. S., and E. G. Ketry, bulletin on “ Controlling 
the garden webworm in alfalfa fields” 944 1-7 
Windmills, pumping capacity, trade data 941 
Window— 
gardens, vegetable production, cost and value..-._-_---__- 936 6-10 
screens, homemade, for farm home, description_____~-_- 927 30 
Winterkilling, method of eradicating Bermuda grass______ 945 2,9-10 
Wire-grass. See Bermuda grass, 
Wisconsin law, dog control, digest_- ms 935 Ze 
Woodchucks, occurrence, habits, and control. 982 17-18 
Wool— 
NN ee en ene pista cap mags inetin inches 929 14-15 
price, increase 929 12-13 
Worms, sheep, control methods 929 23 
Wyoming law, dog control, digest-__..__-...----------_-_--.- 985 22 


Yankee grass. See Bermuda grass. 


Yoruers, W .W., bulletin on “ Spraying for the control of in- 
sects and mites attacking citrus trees in Florida ” 


O 








